The carbohydrate composition of the membrane glycoprotein of-vesicular stomatitis virus has been determined for virus grown in four different mammalian cell lines. The glycoprotein contains mannose, galactose, N-acetylglucosamine, and neuraminic acid as the major carbohydrate components, whereas N-acetylgalactosamine and fucose are present in lesser amounts. Vesicular stomatitis virus (VSV) is an RNA-containing, enveloped virus that matures by budding through its host cell's plasma membrane (1, 2). The areas of plasma membrane where budding occurs, and the viral membrane envelope, contain proteins specified by the viral genome as well as lipids and glycolipids of cellular origin (3, 4). The envelope of VSV contains two protein species: a membrane matrix protein and a glycoprotein (which forms spike-like projections from the viral envelope).
Vesicular stomatitis virus (VSV) is an RNA-containing, enveloped virus that matures by budding through its host cell's plasma membrane (1, 2) . The areas of plasma membrane where budding occurs, and the viral membrane envelope, contain proteins specified by the viral genome as well as lipids and glycolipids of cellular origin (3, 4) . The envelope of VSV contains two protein species: a membrane matrix protein and a glycoprotein (which forms spike-like projections from the viral envelope).
The glycoprotein -has an apparent molecular weight of 67,000 (5) and we show elsewhere that when the virus is grown in BHK21 cells, it contains two major oligosaccharide chains with molecular weights of 3000-3400 which represent approximately 10% of the glycoprotein by weight (6) . Since the genome of VS virus is not sufficiently complex to specify the many glycosyl transferases which would be required to synthesize these oligosaccharide moieties, most of these enzymes, if not all, must be supplied by the host cell in which the virus replicates. Studies by Burge and Huang (7) indicate that the size of the oligosaccharide chains of purified VSV may differ when it is grown in Chinese hamster ovary cells rather than chick embryo fibroblasts. This difference was attributed to differences in sialic acid content. The relative distribution of the carbohydrate components of purified VSV grown in mouse fibroblasts has been reported to differ from that in chick embryo fibroblasts (8) . The contributions of the virus glycolipid to these differences is not apparent, however, since these comparisons were not performed with the isolated glycoproteins.
The oligosaccharide moieties of glycoproteins in mammalian cells appear to be synthesized by the sequential addition of monosaccharides to the polypeptide structure. A battery of highly specific glycosyl transferases and compartmentalization of these enzymes are most likely instrumental in specifying the oligosaccharide structure (9) . Several studies indicate that polypeptide structure may determine the glycosylation sites (10) (11) (12) (13) and that the transferase which adds the first monosaccharide to these sites in the polypeptide may exhibit a stringent requirement for its polypeptide substrate (14) . It is not known, however, to what extent, if any, the polypeptide structure may influence the oligosaccharide structure. It is known that the glucosyl transferase involved in collagen biosynthesis, which transfers glucose to galactose bound 0-glycosidically to hydroxylsine, requires the free e-amino group of the hydroxylysine residue (15 Virus. The Indiana serotype of vesicular stomatitis virus was used in these studies. Virus was prepared by infecting the cell monolayers with an effective multiplicity of 10-20 PFU (plaque-forming units) per cell and the growth medium was harvested 16 hr later. The virions were purified from the growth medium and the glycoprotein purified from the virions as described previously (6) . [6-3H1-and [1-14C] Glucosamine labeled glycoprotein was prepared as described previously (6) . Glycopeptides were prepared by digestion of the purified glycoprotein with 1 mg/ml of Pronase B (Calbiochem, San Diego) in 0.1 M Tris HCl at pH 7.8, containing 3 mM CaCl2 for 48 hr at 37°. Additional Pronase was added at 24 hr. Carbohydrate Analysis. The carbohydrate composition of the purified glycoprotein was determined by gas-liquid chromatography of the trimethylsilyl ethers of the methyl glycosides (6, 16) . Quantitation was performed using arabitol as an internal standard. Preparations containing 0.1-1.5 mg of the glycoprotein were methanolyzed with 0.5 ml of 1.5 N anhydrous methanolic HCl at 800 for 24 hr under N2. After methanolysis, the amino sugars were re-N-acetylated by adding 0.15 ml of dry pyridine followed by 0.10 ml of acetic anhydride. The samples were thoroughly mixed after adding the acetic anhydride and incubated at room temperature for 1 hr (Etchison and Holland, in preparation). The samples were then taken to dryness in vacuo over KOH pellets and further dried in vacuo over P205 for at least 4 hr. The methyl glycosides were converted to their trimethylsilyl ethers by redissolving the samples in 50 ,ul of dry pyridine and adding 50 M1 of N,O.bis(trimethylsilyl)-trifluoroacetamide (Regis Chemical Co., Morton Grove, Ill.). After a 30-min reaction at room temperature, the insoluble material was removed by centrifugation into the cone of a 1 ml Reacti-Vial (Pierce Chemical Co., Rockford, Ill.), and the supernatant taken to dryness with a stream of high purity dry N2. The trimethylsilylated methyl glycosides were then redissolved in 15-50 ul of hexane and 1-3 gl injected into the gas chromatograph.
Conditions of separation were as described previously (6) .
Gel Filtration. Gel filtration analysis of glycopeptides was carried out on a 1 X 50-cm column of BioGel P-10 (Bio-Rad Laboratories, Richmond, Calif.). The flow rate was 10 ml/hr and 0.8-ml fractions were collected. Radiolabeled glycopeptides were located by-liquid scintillation counting. The column was calibrated for molecular weight estimation using fetuin glycopeptides (17) , ovalbumin glycopeptides (18) , and neuraminlactose (Calbiochem, La Jolla, Calif.) as included markers of established molecular weight. Fetuin glycopeptides and neuraminlactose were located by hydrolyzing the fractions in 0.1 N H2SO4 for 60 min at 80°and then assaying released neuraminic acid by the thiobarbituric acid procedure of Warren (19) . Ovalbumin glycopeptides were located by the phenol-sulfuric acid procedure (20) in lesser amounts. Glucose was present in variable amounts in most preparations and is most likely due to cellulosic contamination; some preparations contained very little (6) .
The results of quantitative analysis of the carbohydrate of the VSV glycoprotein from virions produced in four different mammalian cell cultures is shown in Tables 1 and 2 . The glycoprotein from all four sources contains approximately 9-10% carbohydrate. The distribution of this carbohydrate among the component sugars is quite similar overall. Some differences, however, are evident. The glycoprotein from VSV grown in L929 cells lacks fucose and contains less N-acetylglucosamine. The glycoprotein from MDCK-grown VSV contains more fucose and N-acetylgalactosamine than the glycoproteins from the other sources. The carbohydrate composition of the glycoprotein from virions grown in BHK21 and HeLa cells is essentially the same. These results demonstrate that both qualitative and quantitative differences may occur, although the basic composition is similar in all cases. These differences and similarities are most readily apparent in Table 2 , which shows the carbohydrate composition as residues per glycoprotein. Table 1 using a molecular weight of 67,000 for the glycoprotein (5). Where possible, the standard error of the mean is also shown.
GlcNH2 labeled VSV glycoprotein obtained from BHK21 grown virus was mixed with [6-'H ]GlcNH2 labeled VSV glycoprotein obtained from virus that had been grown in each of the other three cell lines, and the mixtures were exhaustively digested with Pronase. The resulting glycopeptides were sized by gel filtration on BioGel P-10. As can be seen, the glycopeptides are approximately the same size regardless of the cell line in which the virus is grown. By comparing the relative elution of the VSV glycopeptides to the glycopeptides of fetuin and ovalbumin, and assuming that the glycopeptides contained approximately 10% amino acids, i.e., 2 or 3 amino-acid residues per glycopeptide, the molecular weight of the oligosaccharides of the VSV glycoprotein is estimated to be in the range of 3000-3400. Since the molecular weight of the glycoprotein is approximately 67,000 (5) 
DISCUSSION
The results presented here and elsewhere (6) allow us to conclude the following: (a) both qualitative and quantitative differences occur in the carbohydrate composition of the VSV glycoprotein when it is synthesized in different host cells, and (b) there are two major oligosaccharide moieties with molecular weights of 3000-3400 attached to the VSV glycoprotein in all four cell lines examined. While the differences have been pointed out, it is also important to note that, in the four cell lines studied here, the overall composition is quite similar. As noted previously (6) It is possible that membrane viruses such as VSV have evolved so as to acquire oligosaccharide chains of an ubiquitous type, e.g., serum glycoprotein type, common to many cells, rather than acquiring more specialized and variable chains (such as blood group oligosaccharides). It should be noted that the cells employed here are from diverse tissue sources as well as from diverse species, i.e., mouse fibroblast, dog kidney epithelium, hamster fibroblast, and human cervical carcinoma (epithelium).
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